Background: Portugal has one of the highest rates of childhood obesity in Europe. Few studies have explored the relationship between parents' perceptions of their residential neighbourhood (safety concerns and amenities of the built environment) and their children's weight status. This study aims to examine the associations between parents' perceptions of their residential neighbourhood and overweight/obesity among their children. Methods: Anthropometric measures of height and weight were taken for 2690 children in preschools and elementary schools in Porto. Body mass index (kg/m 2 ) was calculated, and the International Obesity Taskforce (IOTF) cut-offs were used. Parents completed the 'Environmental Module' standard questionnaire of the International Physical Activity Prevalence Study. Chi-square tests and the logistic regression model adjusted for age, gender, maternal education and school cluster were used to examine the associations between parents' perceptions of their residential neighbourhood and overweight/obesity among their children. Results: In this sample, 31.8% of the children were overweight (including obese). Significant associations were found between child obesity and the following residential environmental characteristics: the odds of children being obese were lower if their parents believed that it was safe (low/no crime rate) to walk/cycle at night (OR = 0.65, 95% CI = 0.54-0.79) and during the day (OR = 0.70, 95% CI = 0.55-0.86) and that it was easy and pleasant (pedestrian safety) to walk in their neighbourhoods (OR = 0.73, 95% CI = 0.58-0.90) and when local sidewalks were well maintained and unobstructed (OR = 1.18, 95% CI = 1.01-1.40). Conclusion: Parental perceptions of neighbourhood safety and the quality of local sidewalks are significantly associated with obesity values.
Introduction
he prevalence of childhood obesity is increasing globally, making this a serious social and health problem. In recent decades, Southern Europe, in line with the rest of the world, has experienced a rapid increase in childhood obesity, and Portuguese children have one of the highest rates of overweight/obesity among European countries (31.5%). 1 Environment has been thought to contribute to the current epidemic of obesity by encouraging poor dietary habits, including the consumption of dense high-energy foods, and by discouraging regular physical activity in favour of sedentary activities, such as watching television, using computers and playing electronic games. 2 Other studies suggest that there is a relationship between children's weight status and neighbourhood infrastructures. For example, children who live in neighbourhoods with good access to supermarkets, parks, playgrounds and recreational facilities tend to have healthier diets, to be less sedentary and to have a reduced risk of being overweight. [2] [3] [4] [5] [6] [7] [8] Moreover, unsafe neighbourhoods and residential environments with limited access to sport facilities, parks and public transport options and non-existent or damaged/obstructed sidewalks and bike paths may affect childhood obesity by restricting or discouraging children's outdoor activities, such as playing, walking and cycling, and their ability to take advantage of nearby recreational or sport facilities. 2, [8] [9] [10] [11] [12] [13] [14] [15] [16] Parents make decisions for their children regarding the places in which they can spend time and the activities in which they can participate. [17] [18] [19] [20] [21] It is commonly believed that children's mobility is restricted compared with children's mobility in previous generations. For instance, in Australia, Veitch et al. 7 found that 12% of children aged 8-12 years were not allowed to walk or cycle without adult supervision, and one-third of the sample (32%) was restricted from travelling >100 m alone.
As highlighted by some researchers, parental concerns about perceived crime and traffic safety in local neighbourhoods, regardless of actual crime rates or traffic accidents, may be an important influence on children's physical activity levels 5, 10, [13] [14] [15] 18, 22 and, consequently, on children's weight status. 18 However, the extent to which adults' perceptions of their residential area mediate neighbourhood effects on their children's physical activity levels and weight status is unclear. In this study, we hypothesized that parents who perceived their neighbourhood as unsafe or lacking the features of the built environment that promote walking and cycling would be more likely to have obese (including overweight) children because these parents may limit their children's access to outdoor activities or active transportation.
Methods
Anthropometric measurements of height and weight were taken for 2690 children aged 3-10 years in 27 preschools and 30 elementary ) was calculated, and the International Obesity Taskforce (IOTF) age-and sex-specific cut-off points were used to define overweight and obesity. These cut-off points are linked to the widely accepted adult BMI cut-off points of 25 kg/m 2 (overweight) and 30 kg/m 2 (obesity). 23 For the statistical analysis, overweight and obese children were analysed as the same group, 'obese'.
Additionally, to assess perceptions of the neighbourhood environment, the parents completed the 'Environmental Module' standard questionnaire of the International Physical Activity Prevalence Study. 24 This questionnaire was designed to assess the perceived environmental factors that prevent or limit the opportunity to walk and cycle in residential neighbourhoods. Parents were asked to agree or disagree with 17 statements on a 4-point scale ranging from 'strongly agree' to 'strongly disagree' and 'don't know/not sure'. From the questionnaire, we selected the 14 statements related to perceived access to destinations, street connectivity, the existence and quality of sidewalks and bike paths, accessibility to public transport systems, parks and recreation facilities, and pedestrian safety and crime (table 2) . For the statistical analysis, responses to the statements were collapsed into two categories: (i) agree ('strongly agree' and 'somewhat agree') and (ii) disagree ('strongly disagree' and 'somewhat disagree').
This questionnaire has been used in previous Portuguese physical activity studies and has shown good reliability and validity. 15, 25 A study developed by Mota et al. 15 using the same questionnaire in the same city of Porto found that intraclass correlation coefficients ranged from ICC = 0.36-0.79.
Data analysis
The Chi-square test was used to determine differences in proportions of children across weight status and levels of perceived neighbourhood environmental characteristics. Then, logistic regression models were constructed to examine the effect of each perceived environmental characteristic using childhood obesity as the dependent variable. These models were adjusted for the variables that were significant in the individual models, namely, age, sex, maternal education and school clusters. Significance was set at P < 0.05. The analyses were performed using Stata 9.0, StataCorp, College Station, TX, USA.
Results
The participants in this study were 2690 children (48.8% boys and 51.2% girls) aged 3-10 years old. In this sample, 31.8% of the children were obese (including overweight); specifically, 10.3% of the children were obese and 21.5% were overweight. The prevalence of overweight/obesity in boys was 30% and the prevalence in girls was 33.6% (P < 0.001). On average, mothers were more educated than fathers in this sample (table 1). Table 2 shows that some perceptions of the local neighbourhood were associated with children's obesity. These associations were confirmed by a multivariate analysis (table 3). After adjusting for age, gender, maternal education and school cluster, a significant association was found between childhood obesity (including overweight) and the following perceptions of the residential environment: when parents believed that it was safe (low crime rate) for their children to walk/cycle at night (OR = 0.65, 95% CI = 0.54-0.79) and during the day (OR = 0.70, 95% CI = 0.55-0.86) and when parents believed that it was safe to walk in their neighbourhood (low traffic rate) (OR = 0.73, 95% CI = 0.58-0.90). A significant association was also found between child obesity and a negative parental perception of the quality/absence of barriers on sidewalks (OR = 1.18, 95% CI = 1.01-1.40).
Discussion
Our results suggest that when parents perceive their neighbourhood as unsafe for their children to walk during the day and after dark, as having a high traffic load and as having poor sidewalk conditions that create barriers to walking safely, children are more likely to be obese. These results suggest that parents may restrict their children's active transportation or outdoor play based on safety concerns and the perceived physical conditions of the local facilities for walking. It is a 10-15-min walk to a transit stop from my home 8, 10, 14, 26 Furthermore, studies of the built environment have shown the importance of sidewalks (both their existence and the safety of their physical infrastructure) for creating good environments for walking and playing outdoors. 27, 28 Our findings are in line with previous research on 10-to 12-year-old Australian children suggesting that parental perceptions of heavy traffic on local streets and concerns about safe walking and cycling conditions are related to children's overweight and obesity status. However, parental perceptions of the local neighbourhood were not associated with weight status among 5-to 6-year-old children. 8 This may be because these children are very young, and their mobility is restricted and dependent on parental supervision.
Other studies have shown that busy neighbourhoods seem to be perceived as unsafe. Studies conducted in the USA have confirmed that urban parents with higher levels of concern for safety (heavy traffic and crime) were less likely to allow their children to play outside. 14, 18 Furthermore, limited access to safe recreation in residential areas was significantly associated with less activity among children in urban Chicago. 29 Recently, Bacha et al. 30 showed that mothers from Michigan living in neighbourhoods that were perceived as unsafe had a higher risk of having obese daughters, but not sons. The situation in Europe seems to be similar. Mullan 31 found that parents from Wales who reported that the road outside or nearest their home was busy with traffic were less likely to perceive their neighbourhood as a safe place for children to play outside and to walk alone after dark. Another study by Miles, 32 which combined data from eight studies in European cities based on the WHO LARES study (Large Analysis and Review of European housing and health Status), reported that the neighbourhood physical environment and perceived safety influence adults' readiness to encourage children's physical activity. However, there are contradictory findings. Veitch et al. 16 used data from the longitudinal study Children Living in Active Neighborhoods (CLAN) in Melbourne, Australia, and found no association between parental perceived social neighbourhood factors (high crime rate, stranger danger, social trust and social cohesion) and the time that their children spent at sedentary behaviours. Carson et al. 33 also observed no substantial association between perceived neighbourhood safety and the active transport behaviours of elementary school children in Alberta (Canada). Furthermore, Burdette and Whitaker 34 reported that neither the physical nor the social environment seemed to be important to children's weight status. Our results are quite different, perhaps because we used parental perceptions rather than objective measurements of the local neighbourhood.
Finally, regarding the conditions of the infrastructure and barriers to walking, some indicators of sidewalk conditions have been shown to be related to weight status. In general, the literature suggests that more walkable areas are associated with a reduced risk of overweight and obesity. For instance, more children walk to school in neighbourhoods with sidewalks. 28 Spence et al. 3 found an inverse relationship between the walkability of a neighbourhood and weight status for preschool-aged girls (but not boys). Davidson et al. 35 found that parental perceptions of the neighbourhood characteristics that provide the physical means for children to be active, such as sidewalks, influence children's self-efficacy for being physically active and, consequently, influence their body weight. Other study has found that weight status is reduced in areas where sidewalks or trails are present or are in good condition. 36 Parental concerns about safe walking and cycling conditions are related to children's local walking and cycling, 8 as transportation to other recreational sites 37 or to and from school. 28 Together, these results suggest that pedestrian-friendly (or cycling-friendly) environments should be recognized as important for health. Nevertheless, the evidence is mixed.
A small number of studies have explored the relationship between parents' perceptions of their residential neighbourhood (safety concerns and the existence or inexistence of certain amenities of the built environment) and their children's weight status. As far as we know, this is the first Portuguese study to focus on the association between parental perceptions of their residential neighbourhood and childhood obesity.
Several limitations of this study should be acknowledged. First, this is a cross-sectional study than can reveal associations but not causalities. Second, the questionnaire used in this study was designed to assess the extent to which parents' perceptions of their local neighbourhood affect their children's physical activity levels. However, in this study, only children's weight status was measured, not their physical activity levels. Third, this study was based on parental reports rather than on direct observation (objective measures of the environment to establish their validity). In this analysis, we focused only on subjective perceptions of safety and the subjective presence/quality of environmental features rather than objective measures, such as crime rates, traffic loads, neighbourhood physical disorders and the actual existence of equipment. Although there is evidence that perceptions of the environment may not match objective measures, 38 it is unclear whether perceived safety corresponds with concrete safety and whether perceived or actual barriers play a more important role in the context of parental decisions. Finally, it is generally accepted that the built environment influences not only physical activity but also nutrition and affects children's weight by shaping their eating habits. This fact was not considered into account in this study.
In conclusion, this study emphasises the importance of increased and effective cooperation among urban planning, urban security and public health. Public health efforts to reduce childhood obesity may benefit from policies directed towards the improvement of actual and perceived neighbourhood safety (slowing and reducing traffic and minor crime threats) and providing pedestrian and cycling infrastructures. These may be keys strategies for encouraging parents to allow their children to be active outdoors, to play freely and to actively reach destinations in their neighbourhoods. Safe and walkable neighbourhoods in Porto are elements of the urban environment that can promote physical activity and can ultimately reduce the risk of childhood obesity. 
Key point
What is already known on this subject?
The prevalence of childhood obesity is increasing globally, making this a serious social and health problem. Portugal has one of the highest rates of obesity compared with other European countries. Perceived neighbourhood safety and perceived neighbourhood physical disorders are mechanisms through which neighbourhood characteristics may influence obesity.
What does this study add? In this survey, parental safety perceptions of residential neighbourhoods (crime safety and pedestrian safety) were associated with children's weight status; safer, non-violent and transit-friendly environments protect children from obesity. Physical disorder in neighbourhoods, such as barriers and damaged sidewalks, were associated with children's obesity. Parents identified good walking paths as an essential physical element in their children's use of active transport. Further research is required to identify the factors that mediate or moderate the effects of the built or social environment on childhood obesity. Public health efforts may benefit from policies directed towards improving both actual and perceived neighbourhood safety. This study stresses the need for increased and effective cooperation between urban planning and health.
